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The European Emissions Trading System was established in 2005 and regulates greenhouse gas emissions across
energy, industry, and aviation sectors in EU Member States. Since 2013, the share of auctioned allowances has
increased, and will further increase in the future. A higher share of auctioning is generally considered to improve
efficiency of an emissions trading system. However, increased auctioning may increase search activity on the
secondary market because it increases companies’ financial incentives to find more favourable trading options,
potentially undermining efficiency gains of auctioning compared to free allocation. Employing trading and
company data from 2005 to 2017, this study empirically examines if increased auctioning affects companies’
search for favourable secondary market trading options, specifically in terms of the number of trading partners
and trading frequency. Results from estimating panel econometric models suggest that companies with a higher
absolute net position value and higher banking stock value indeed intensify their secondary market search ac-
tivities, ceteris paribus. Because the size effects appear to be rather small, however, any additional search costs
are likely to be more than offset by the positive effects of a higher auction share compared to free allocation.

1. Introduction

Launched in 2005, the European Emissions Trading System (EU ETS)
currently governs greenhouse gas emissions of about 10.000 installations
in the energy and manufacturing industry in the European Union (EU),
Iceland, Liechtenstein and Norway. Originally covering COz-emissions in
24 EU Member States, the system has increased over time in terms of
regional scope (e.g. Bulgaria, Romania, Iceland, Liechtenstein and Nor-
way joined in 2008, and Croatia in 2013), and greenhouse gas types (e.g.
N0, PFC were added in 2013). In addition, the number of EU allowances
(EUA) allocated each year was substantially reduced over time to be in
line with tighter greenhouse gas emission targets at the EU level in the
wake of the EU’s Green Deal and "fit-for-55' negotiations in 2021."

Free allocation was the main allocation method in the early years of the
EU ETS (e.g., Pauer, 2012). The share of allowances that could be auctioned
off was capped at 5 % in the first trading period and at 10 % in the second

* Corresponding author.

E-mail address: sascha.lehmann@isi.fraunhofer.de (S. Lehmann).
1 We provide a more detailed description of the EU ETS in Annex A.1

trading period for each Member State. Most Member States, however
auctioned off fewer EUAs than they could have. Since 2013, the majority of
allowances have been auctioned off, with a target share of at least 57 %. In
particular, most electricity producers no longer receive allowances for free
and allocation for installations in the manufacturing industry is generally
based on product benchmarks. Furthermore, only installations in industries
that are considered vulnerable to carbon leakage have since 2013 received
full free allocation, whereas free allocation for installations from other in-
dustries has gradually been phased out and is scheduled to end in 2030.
Based on our dataset, the actual auctioning shares averaged approximately
0.1 % for the first trading period, around 4 % for the second trading period,
and about 47 % for the third trading period.”

More recent regulation on the carbon border adjustment mechanism
(CBAM) implies that free allocation will be phased out for industries
covered by the CBAM.® Hence, akin to energy companies, companies
from manufacturing industries can no longer count on free allocation of

2 The target share for the third trading period was not achieved because of backloading, in particular. That is, about 900 million EUAs that were scheduled for
auctioning during the period 2014-2016 were withheld to limit supply and stabilize the carbon price.

3 Implemented gradually since October 2023, CBAM addresses concerns about carbon leakage und currently covers the production of electricity, cement, iron and
steel, aluminium, fertilizers and hydrogen. CBAM levies an import duty on the greenhouse gas emissions associated with the production of these goods, aligning the
costs for greenhouse gas emissions with those incurred under the EU ETS for products not manufactured within the EU.
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EUAs but have to rely stronger on auctions and on the secondary market
instead to secure the amount of EUAs required to be in compliance.

In the EU ETS, the secondary market is defined as all trading that is
carried out by companies and does not involve free allocation,
auctioning, and the surrender of allowances. The secondary market in-
cludes exchange trading (spot and future) and bilateral trading (over-
the-counter) between regulated companies but also between financial
intermediaries and regulated companies. Particularly for so-called over-
the-counter (OTC) trades,” the trading partners are free to negotiate
prices bilaterally. The secondary market has expanded over time, as
evidenced by a 27 % increase in annual trading volume from the second
to the third trading period in our dataset. Between 2011 and 2014,” this
growth was even more pronounced, with an increase of 45 %. The ratio
of free allocation to trading volume in the secondary market has also
changed significantly between the second and third trading periods,
increasing from a ratio of 1:8 to approximately 1:23. This indicates a
substantial growth in the significance of the secondary market.

Auctioning of allowances is often preferred to free allocation (e.g.
Schmalensee et al., 1998; Hepburn et al., 2006; Benz et al., 2010; Ven-
mans, 2016; Adamolekun, 2024). In contrast to free allocation,
auctioning leverages the market mechanism during the primary allo-
cation of allowances and is therefore less susceptible to lobbying. Unlike
free allocation, auctioning treats incumbents and newcomers equally
and does therefore not distort market entrance and avoids windfall
profits.® Auctioning also generates revenues which may be used to
address economic distortions elsewhere, to finance low-carbon innova-
tion, and to alleviate potential regressive distributional effects of an ETS.
Because companies must initially purchase allowances, auctioning in-
creases their financial costs and may impede their competitiveness,
especially against competitors from outside the EU. Hence, companies
typically prefer free allocation to auctioning.

In theory, both allocation methods may achieve a given emission
target at minimum costs (static efficiency). Because auction participants
should bid according to their marginal abatement costs, the clearing
price in a (double-sided) auction is expected to result in an equalization
of the marginal abatement costs across companies. Under free alloca-
tion, subsequent buying and selling of EUAs on the secondary market
leads to such an equalization. Therefore, an increase in auctioning
means that some of the trades that would have taken place on the sec-
ondary market under free allocation no longer occur under higher
auctioning shares. From this perspective, an increase in the auctioning
share generally lowers the trading activity on the secondary market and
may therefore lower the associated trading-related transaction costs (e.
g. search costs to find potential trading partners, entry costs for trading
on platforms such as the European Energy Exchange)’ but also the
lobbying costs association with free allocation (e.g. Hepburn et al.,
2006). Indeed, findings from various empirical studies suggest that

4 According to DEHSt (2014) the majority of traded EUAs on the secondary
market are transferred via exchanges but the number of EU ETS-regulated
companies participating at exchanges is far lower than the number of regu-
lated companies trading OTC. This suggests that OTC trading plays an impor-
tant role for regulated companies.

5 The period from 2011 to 2014 is chosen because the trading volume in the
secondary market for 2012 and 2013 may be distorted due to the transition of
national registries to an EU registry. This transition led to the introduction of
new trading accounts, requiring market participants to transfer their stock of
EUAs to these accounts. This process could have influenced the observed
trading activity during this timeframe.

6 Free allocation meant that companies which were able to pass on the op-
portunity costs of EUAs to their customers enjoyed substantial windfall profits
in the EU ETS, especially in the power and in several industry sectors (e.g. /™
et al, 2006, yerde et al., 2019; Cludius et al., 2020; Dagoumas and Polemis,
2020).

7 Unless the primary allocation happens to coincide with the cost-minimizing
distribution of emissions across all installations.
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transaction costs have prevented efficient trading in the EU ETS (e.g.
Jaraite-Kazukauské and Kazukauskas, 2015; Baudry et al., 2021; Abrell
et al., 2022; Hintermann and Ludwig, 2023). However, following an
argument originally formalized by Stigler (1961), an increase in
auctioning may result in higher activities on the secondary market. For
example, for net buyers (i.e. companies which must acquire EUAs to
cover their emissions), an increase in auctioning could reduce their net
position and thereby increase the financial incentive to search for
trading partners asking lower EUA prices. As a result, companies may
not rely solely on auctions to meet their purchasing needs but may
expand their search on other trading channels. This could lead to an
increase in trading volume in the secondary market. In sum, the effects
of auctioning on companies’ activities on the secondary market may
therefore generally be ambiguous.

In this paper, we analyse the effects of changes in companies’
compliance costs resulting from an increase in auctioning in the EU ETS
on their search efforts within the secondary market. Our findings are
particularly relevant for policymakers assessing the costs and benefits of
increased auctioning, especially in the aftermath of the CBAM phase-in.

Our empirical analysis comprises companies’ trading activities be-
tween 2005 and 2017, i.e. for the first two trading periods of the EU ETS
and the first five years of the third trading period. Relying primarily on
data from the European Union Transaction Log (EUTL) and from the
European Energy Exchange (EEX), we created a comprehensive dataset
that includes information on transactions, account holders, free alloca-
tions, emissions and allowance prices. We employed panel econometric
methods to analyse the relations between companies’ search efforts and
a variable reflecting the effects of auctioning on companies’ financial
incentives. To capture the effects of auctioning we employ the value of a
company’s net position (i.e. free allocation minus verified emissions,
multiplied by the EUA price). Hence our identification strategy exploits
variation of the net position over time and across companies. We assume
that as the auction share increases, the incentive to search for favourable
trading options also increases. This approach does not directly measure
the auction share, but rather captures the reduction in free allocation
resulting from the changes in the auctioning shares in the EU ETS over
time. To proxy companies’ search efforts for more favourable prices, we
consider two indicators: the number of trading partners and trading
frequency. We assume that companies expanding their search efforts in
the secondary market will engage with more trading partners and trade
more frequently. For example, companies may find it advantageous to
employ more trading partners (via bilateral trades, and exchange)
because a single trading partner may not be able to sell (or buy) the
desired quantity of EUAs at a given price. Likewise, exploiting differ-
ences in prices over time should increase trading frequency.

In line with the reasoning originally developed by Stigler (1961), our
findings suggest that companies with a higher net position value in
absolute terms engage in more search effort on the secondary market,
ceteris paribus.

Our study adds to the existing literature in various ways. To the best
of our knowledge, this is the first study which focuses on empirically
analysing the effects of an increase in auctioning in the EU ETS on
companies’ search activities on the secondary market. Previous empir-
ical analyses on trading behaviour in the EU ETS focuses on transaction
costs (Jaraitée-Kazukauske and Kazukauskas, 2015; Naegele, 2018;
Baudry et al., 2021; Hintermann and Ludwig, 2023), trading participa-
tion (Zaklan, 2013), trading activity (Abrell et al., 2022), trading
behaviour and trading patterns (Borghesi and Flori, 2018; Karpf et al.,
2018; Zaklan, 2023), financial performance (Liu et al., 2017; Guo et al.,
2020; Flori et al., 2024; Lehmann et al., 2024), and company value
(Dewaelheyns et al., 2023). Previous literature on auctions under an ETS
is mainly conceptual and focuses on design and efficiency, arguing that
auctioning reduces market distortions, contributes to reflecting the true
scarcity of allowances and to stabilizing allowance prices, improves
transparency, and generates revenue that can be earmarked to finance
mitigation measures (e.g., Benz et al.,, 2010; Ehrhart et al., 2005;
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Hepburn et al., 2006). Empirical studies, such as Venmans (2016),
indicate that a negative net position - common in emissions trading
systems with a high share of auctioned allowances - provides stronger
incentives for abatement investments than a positive net position).
Adamolekun (2024) shows that auctioning reduces price volatility,
fostering investments in emissions reductions. Thus, our study addresses
a research gap by empirically examining the relationship between auc-
tion share and companies’ trading behaviour. In contrast to related
previous studies (Abrell et al., 2022; Lehmann et al., 2024) our study
employs monetary rather than physical values of net position, thus
better reflecting the financial incentives driving corporate trading
behaviour. Except for Lehmann et al. (2024), previous studies did not
account for banking. Finally, previous analyses typically focus on the
first two trading periods, whereas ours covers five years post 2013 re-
forms of the EU ETS.®

Our paper is structured as follows. In the second section we develop a
simple analytical model to analyse the effects of auctioning in an ETS on
companies’ search efforts, and hence to motivate our empirical analysis.
In the third section, we present the empirical methodology, including
the data, the variables, and the econometric approach. In the fourth
section we present and discuss the results of our main model specifica-
tions, and also present findings of various robustness checks. The final
section summarizes and concludes.

2. Conceptual model

In this section we develop a simple model which allows us to
analytically derive the response by companies to an increase in
auctioning on search efforts. Our model builds on Stigler (1961),
adapted to incorporate features relevant to the analysis of emissions
trading systems.

A price-taking company is assumed to choose the level of search
effort x; which minimizes total compliance cost

D- V(XS) . [e(xa) - E] + TC(XS) + C(e(xa)) (@)

where p is the price per EUA a buyer (seller) has to pay (obtains) without
additional search effort, the factor y(x;) captures the effect of search
effort on p, with 0 < y(x;) < 1 and y'(x;) < O for buyers, and y(x;) >1
and ' (x;) > 0 for sellers.” That is, additional search efforts lower (in-
crease) the price for buyers (sellers). Company emissions are denoted by
e(x,) and are assumed to decrease with higher abatement efforts x,;, i.e.
€ (x,) < 0. E reflects the number of EUAs received by a company for free
via the primary allocation. Hence, [e(x,) —E|] denotes the net position of a
company and p-y(x;)-[e(x,) —E] the net position value, C(e(x,)) stands for
a company’s abatement costs, with C (e(x,)) < 0. Transaction costs are
denoted by TC(x;), with TC (x;) > 0. Finally, we assume that marginal
abatement costs and marginal transaction costs are increasing in effort,
i.e. C'(.) > 0 and TC'(.) > 0. A company must decide how much of total
available effort X to dedicate to search and to abatement, i.e. X = x; +
Xq-
The first-order condition for the optimal level of x; yields

P7(xs)- [e(xa) —E] =P 7(X;)€ (Xa) + TC (x;) — C'(€(Xa)) - €(Xa) =0 (2)

Equation (2) implies that a company increases search efforts x; until
the marginal benefits equal the marginal costs. Marginal benefits are

8 We also note that our data comprises almost twice as many observations
asAbrell et al. (2022) and Lehmann et al. (2024), which are — to our
knowledge-the only other studies covering data up to 2017. Their reliance on
ORBIS data, including company characteristics like employees and profitability,
limits their sample. For our purposes, these characteristics seemed less crucial.
As a robustness check (see section 4.2), we limit our analyses to companies
included in the ORBIS data set.

° For simplicity, our model is static and abstract, for example, from banking.
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captured by the first set of terms in equation (2), i.e. the change in the
value of the net position. For a net buyer (net seller), the marginal
benefits reflect the decrease (increase) in expenses (revenues) associated
with purchasing (selling) EUAs due to a decrease (increase) of the price.
Marginal costs are composed of three sets of terms. For a net buyer
(seller), the second set of terms in equation (2) reflects the additional
expenses (revenues) associated with purchasing (selling) EUAs due to an
increase (decrease) in emissions (because abatement effort increases).
The third set of terms captures the marginal transaction costs, and the
fourth set of terms the marginal abatement costs.'®

We are particularly interested in how search effort changes in
response to an increase in the auctioning share. We therefore take the
total differential of (2) and obtain
dx_pr(x)

dE D ®

Where the numerator of (3) captures the terms in the second-order
condition. Because we consider a minimization problem, D > 0. The
sign of equation (3) is determined by the sign of y'(x;). Thus, for net
buyers (sellers), an increase in auctioning (i.e. a decrease in E) results in
an increase (decrease) in search effort. Intuitively, for net buyers
(sellers) an increase in the auctioning share, ceteris paribus, means that
they will purchase (sell) more (fewer) EUAs, resulting in higher (lower)
marginal benefits of search effort.'’ The specification of our empirical
model will take this insight into account.

3. Empirical methods

In this section, we present the data and variables used in our study
and describe the econometric approach. Our empirical analyses focus on
the effects of a change in the allocation of free allowances (e.g. via a
change in the auctioning share) on companies’ search efforts. Hence,
compared to our conceptual model outlined in Section 2, we abstract
from companies’ compliance efforts. Further, because our data does not
include direct measures of search efforts, we employ proxies.

3.1. Data

From the European Union Transaction Log (EUTL) we collected data
on transactions of allowances, information on accounts and account
owners (companies or private persons) and data of installations on
primary allocation and verified emissions. Price data was gathered from
the European Energy Exchange (EEX). We aggregated all the data on an
annual basis for each individual company. For our purpose, considering
the level of the individual company rather than the level of installation
or at the global ultimate owner seems appropriate because trading de-
cisions are likely to be made at the company level (e.g. Abrell et al.,
2022). Administrative transactions such as primary allocation and al-
lowances surrendered were excluded from the analysis as they do not
reflect secondary market activities. These transactions account for
almost two-thirds of all transactions in the EUTL. The remaining trans-
actions in the dataset pertained exclusively to sales and purchases of
European Union Allowances (EUAs). As suggested by Cludius and Betz
(2020) we considered transactions during a trading year (May in year t
to April in year t+1) rather than a calendar year because regulated
companies are permitted to surrender allowances for emissions until the
end of April in year t+1. The dataset includes transactions up to April
2018 and thus covers five complete years of the third trading period. To

10 Note that if y is a constant and equal to 1, and transaction costs are always
0, equation (2) yields the familiar result p = — C'(e(xq)), i.e. companies exert
abatement effort x, until the marginal costs are equal to the price.

11 See Annex A.2 for further details on how equations (2) and (3) were
derived.
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Table 1
Description of variables.
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Variable Description

Data source

Dependent variables

Trading partners Number of different trading partners in trading year.
Transaction frequency Number of transactions in trading year.
Covariates
Net position value
Banking stock value;.;
EUA price in t.
Installations Number of installations of a company in year t.

Carbon leakage

Dummy = 1, if company affiliated with carbon leakage sector.

EUTL
EUTL

Absolute value of free allocation minus verified emissions in year t (in metric tons of CO,eq) multiplied by the average EUA priceint. ~ EUTL
Banking stock in t-2 plus net position in t-1 plus acquisitions minus transfers in t-1 (in metric tons of COeq) multiplied by the average ~ EUTL

EUTL
EU ETS
regulations

Trading periods Dummy for each trading period (base period is the first trading period). EUTL
Region 1 Austria (AT), Germany (DE), Liechtenstein (LI) (base region) EUTL
Region 2 Belgium (BE), France (FR), Netherlands (NL) EUTL
Region 3 Greece (GR), Cyprus (CY), Spain (ES), Italy (IT), Malta (MT), Portugal (PT) EUTL
Region 4 Estonia (EE), Lithuania (LT), Latvia (LV), Poland (PL) EUTL
Region 5 Czech Republic (CZ), Hungary (HU), Slovenia (SI), Slovakia (SK) EUTL
Region 6 Denmark (DK), Finland (FI), Iceland (IS), Norway (NO), Sweden (SE) EUTL
Region 7 United Kingdom (UK), Ireland (IE) EUTL
Region 8 Bulgaria (BG), Croatia (HR), Romania (RO) EUTL
Combustion EUTL activities 1, 20 EUTL
Refining EUTL activities 2, 21 EUTL
Steel EUTL activities 3, 4, 5, 22, 23, 24, 25 EUTL
Non-ferrous metals EUTL activities 26, 27, 28 EUTL
Lime and cement EUTL activities 6, 29, 30 EUTL
Glass EUTL activities 7, 31 EUTL
Ceramics EUTL activities 8, 32 EUTL
Mineral wool EUTL activity 33 EUTL
Gypsum and EUTL activity 34 EUTL
plasterboard
Pulp and paper EUTL activities 9, 35, 36 EUTL
Chemicals EUTL activities 37, 38, 39, 40, 41, 42, 43, 44 EUTL
Other EUTL activities 45, 46, 47, 99 EUTL

ensure that our sample only includes regulated companies, we excluded
companies that received no primary allocation of allowances and had no
verified emissions. Moreover, transactions conducted within the same
installation were dropped from the sample because we assume that these
are a result of organizational rather than trading-related motives. In
Annex (A.3) we provide further details on how we compiled the data.

3.2. Variables

In this section, we present our dependent variables and our set of
covariates. Table 1 provides an overview.

3.2.1. Dependent variables

Our empirical analysis includes two dependent variables, which we
consider as proxies for search activity in the secondary market: the
number of trading partners per company and year and the number of
trades per company and year. The variable trading partners reflects the
number of trading partners of a given company in a given year. It in-
cludes intermediaries, private persons, other regulated companies, and
unregulated companies. If a company is making significant efforts to
find trading opportunities, this should manifest in a higher number of
trading partners. For example, companies that put more effort into
searching for trading opportunities are more likely to connect with
multiple partners rather than settling for the first available option. More
intensive search efforts lead to a larger pool of potential counterparties,
increasing the likelihood of finding better contract terms such as prices.
As suggested by transaction cost theory (Williamson, 1989) and the
literature on supply chain management (e.g., Sawik, 2014; Mehrjerdi
and Shafiee, 2021), companies concerned about price volatility and risk
may seek more trading partners to reduce dependence on any single
entity. Following Abrell et al. (2022), we define transaction frequency as
the number of trades a company carried out in a given year. Companies
that frequently engage in trades likely put in greater effort to monitor

market conditions, respond to regulatory changes and identify oppor-
tunities to take advantage of favourable price movements and manage
risk.

3.2.2. Covariates

Our choice of covariates is driven by our research question, data
availability and the existing literature. Our variables of interest are net
position value and banking stock value. In addition, we include several
control variables such as the number of regulated installations per
company.

3.2.2.1. Net position value. The net position corresponds to the differ-
ence between the amount of free allocation and the number of verified
emissions in a given year. As discussed earlier, we use net position as a
proxy for auctioning. The higher the auctioning share, the lower the net
position, ceteris paribus. In particular, the net position captures the ef-
fects of the reform of the ETS that lead to a substantial increase in
auctioning and hence reduced free allocation from 2013 on. As sug-
gested by our conceptual model, equation (3), an increase in the
auctioning share results in higher (lower) marginal benefits of search
effort for net buyers (sellers).

Empirical evidence suggests (e.g. Jaraite-Kazukauske and
Kazukauskas, 2015), that the incentive for regulated companies to
participate in the secondary market is related to the net position. In
addition to the annual auction share, several other factors influence a
company’s free allocation amount. These include sector-, country-, and
period-specific allocation rules, changes to the carbon leakage list, and
the cross-sectoral correction factor (CSCF). In comparison, abatement
efforts and a change in production affect the level of verified emissions.
As financial incentives are important for our underlying research ques-
tion, we multiply the net position by the average annual EUA price to
obtain our variable of interest, net position value. Net position value re-
flects the cost pressure imposed on net buyers (companies with a
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negative net position) by the need to purchase EUAs and the opportunity
cost of holding EUAs for net sellers (companies with a positive net po-
sition). For net buyers, a lower net position value, which corresponds to a
higher negative value, results in higher compliance costs.'? According to
the analytical model developed in section 2, companies with higher
compliance costs will spend more efforts on search than companies with
lower compliance costs. In our context, these companies are expected to
search (and find) for more trading partners and to display a higher
transaction frequency on the secondary market than companies with
lower compliance costs, ceteris paribus. Likewise, for net sellers, a
higher net position value increases incentives to search favourable selling
options. In our empirical analysis we therefore use the absolute value of
a company'’s net position value and expect a positive correlation with our
indicators of companies’ search efforts.

3.2.2.2. Banking stock value. We first define the banking stock in year t
as the banking stock in year t-1 plus free allocation plus acquisitions
minus verified emissions minus transfers of a company in year t. To
obtain the banking stock value, we multiplied the banking stock by the
average EUA price of year t. We take into account, that banking was
possible within the first trading period and from 2008 onwards. Al-
lowances allocated during the first trading period were not valid in
subsequent periods. Banking stock value reflects the value of all banked
allowances of a company and is always positive because borrowing not
permitted.'® As a higher banking stock value leads to lower compliance
costs for a company in the following years, we include the banking stock
value of the previous year (banking stock value;.;) in our model and expect
a negative correlation with our indicators of companies’ search efforts.

Previous literature either did not consider banking at all due to data
issues (e.g., Abrell et al., 2022) or included only companies’ banking
behaviour within a given year (e.g., Lehmann et al., 2024). We address
data issues by reviewing - case-by-case - negative stock values at the
account level. If another account of the same company could at least
offset the same amount, it was considered plausible that the discrepancy
resulted from internal accounting errors. If no such offset was plausible,
the company was removed from the dataset. Therefore, all negative
banking stock values at the company level were removed from the
dataset, which should minimize inaccurate data entries.

3.2.2.3. Number of installations. Number of installations reflects the
number of installations of a company that are regulated under the EU
ETS. This variable provides a proxy for the size of the company. Ac-
cording to Jaraite-Kazukauske and Kazukauskas (2015) companies with
a higher number of installations are more likely to participate in emissions
trading, possibly because they have lower search and information costs
than companies with fewer regulated installations. Abrell et al. (2022)
also found that companies with a larger number of regulated installations
are more likely to participate in the EU ETS and to trade more
frequently. Using a different proxy for company size, Baudry et al.
(2021) also found that larger companies trade more intensively on the
secondary market. Furthermore, Cludius and Betz (2020) found that
larger companies use a larger variety of intermediaries. Therefore, we
expect a positive correlation between number of installations and our
indicators of companies’ search efforts.

12 The net position value also captures potential interactions of the EU ETS with
other policy measures. At the company level, measures such as the industrial
emission directive ensure the use of best available techniques, which may affect
verified emissions. At the aggregate level, policies such as the renewable energy
directive which promotes the use of renewable energies may lower the demand
for EUAs, ultimately affecting their market price.

3 The number of allowances held in an EU ETS account must always be
greater than or equal to zero, because companies are not permitted to sell or
surrender more allowances than they own across all their accounts.
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3.2.2.4. Carbon leakage. We follow Abrell et al. (2022) and include a
dummy variable indicating whether a company mainly produces prod-
ucts from the carbon leakage list.'* Because these companies face
intense competition from outside the EU, they are expected to have
stronger incentives to minimize costs in general, which would also
translate into stronger incentives to look for favourable EUA prices and
to increase their search efforts.

3.2.2.5. Periods, regions and EU ETS activities. Akin to the studies in
related contexts (e.g. Jaraite-Kazukauske and Kazukauskas, 2015), we
include dummies to control for effects which are specific to trading pe-
riods (i.e. 2005-2007, 2008-2012, and 2013-2020), such as changes in
the regulatory framework, differences across regions such as economic,
social and cultural factors, and EU ETS activities (see Table 1). As base
categories, we use trading Period 1, the German speaking region (Region
1), and the activity Combustion of fuels. The latter primarily refers to
installations in the energy sector (e.g. electricity generation).
Literature in related contexts have found that period, regional, and
sector aspects matter for companies’ emission trading strategies. E.g.
Abrell et al. (2022) found that participation and trading intensity of
companies in the second and third period were higher than in the first
period. Furthermore, network analyses of installation and company lo-
cations by Borghesi and Flori (2018) and Karpf et al. (2018) found that
the location of an installation or a company is correlated with its trading
behaviour. Hintermann and Ludwig (2023) also found a "home bias"
meaning that companies trade more intensive with trading partners
from the home region. Jaraite-Kazukauske and Kazukauskas (2015) and
Abrell et al. (2022) found sector effects, indicating that companies from
the energy sector are more likely to participate in the secondary market.

3.3. Econometric model

We employed panel econometric methods to exploit the (unbal-
anced) panel structure of our data. To account for the count nature of the
dependent variables (trading partners, transaction frequency), we esti-
mated panel Poisson models. As a robustness check, we also estimated
negative binomial models which do not presume equidispersion.'®

Formally, the Poisson model assumes that the dependent variable
Vi), e.g. the number of trading partners j by company i during time t,
follows a Poisson distribution. We specified the conditional probability
of observing j as

[exp(—Air)] (i)™

Yi
Pr(yu= j|xi, 21, ;@) = Vel forj=0,1,2,... 4)
it-

where x; is a vector of time-varying explanatory variables such as free
allocation or verified emissions, 2; is a vector of time-invariant explan-
atory variables such as carbon leakage or sector affiliation, @; captures
time-invariant company-specific unobservable factors such as company
culture, and ¢ and z are vectors of parameters. Finally, 4; denotes the
conditional mean and the conditional variance of y; and is modelled as

Air = €xp (Xl + ziw + ;) (5)

Because Poisson models are nonlinear models, employing fixed-
effects estimators do not account for unobserved time-constant hetero-
geneity, unlike with linear models. We therefore employed the corre-
lated random-effects estimator (CRE) established by Mundlak (1978).
To account for time-invariant unobserved heterogeneity, the CRE in-
corporates the company-specific means of the time-varying variables

14 The carbon-leakage list comprises of many products from various energy-
intensive industry sectors such as iron and steel, metals, aluminum, re-
fineries, cement and lime, glass and ceramics, and pulp and paper (European
Commission, 2014/746/EU).

!5 Results of robustness checks are briefly discussed in section 4.2.
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Table 2

Estimation results for preferred model.'”.}?

Trading partners Transaction frequency

Net position value 1.054*** 1.194%**
(0.023)
Banking stock value.q 1.001
(0.001) (0.004)
Number of installations 1.062* 1.114%=*
(0.003) (0.008)
Carbon leakage 1.011 1.026
(0.009) (0.045)
Period 2 1.624%** 3.487%**
(0.014) (0.138)
Period 3 1.603%** 1.766***
(0.019) (0.085)
Region 2 (BE, FR, NL) 0.901** 1.037
(0.025) (0.224)
Region 3 (GR, IT, PT, ES, CY, MT) 0.828%** 0.775%%**
(0.018) (0.072)
Region 4 (EE, LT, LV, PL) 1.029 0.839*
(0.018) (0.078)
Region 5 (CZ, HU, SI, SK) 0.997 0.994
(0.022) (0.143)
Region 6 (DK, FI, IS, NO, SE) 1.085%** 0.869
(0.017) (0.075)
Region 7 (UK, IE) 1.132%** 1.130
(0.034) (0.172)
Region 8 (BG, HR, RO) 0.949%* 0.891
(0.02) (0.095)
Refining 0.997 1.056
(0.048) (0.151)
Steel 0.984 0.851*
(0.024) (0.072)
Non-ferrous metals 1.121%* 1.393
(0.053) (0.352)
Lime and cement 1.003 1.067
(0.020) (0.164)
Glass 0.961 0.748**
(0.027) (0.088)
Ceramics 1.024* 1.065
(0.014) (0.100)
Mineral wool 0.940 0.703
(0.073) (0.207)
Gypsum and plasterboard 1.004 1.032
(0.062) (0.371)
Pulp and paper 0.930%** 0.722%%**
(0.017) (0.045)
Chemicals 1.097%** 1.220%*
(0.033) (0.104)
Other 0.914** 0.685**
(0.038) (0.101)
Mean net position value 1.103*** 1.585%**
(0.013) (0.064)
Mean banking stock value 0.999 1.045%**
(0.001) (0.017)
Constant 1.496%** 1.234%*
(0.028) (0.103)
Number of observations 68,606 68,606
Number of companies 9318 9,318'¢

*p < 0.10, **p < 0.05, ***p < 0.01.

(Mean net position value and Mean banking stock value) in the regression
equation.'® Thus,

a4 =X + Y; (6)

6 In related contexts and using panel estimators,Jaraité—Kazukauskée and
Kazukauskas (2015) andAbrell et al. (2022) also use the CRE specification. The
Mundlak terms, which capture the "between variation," can be viewed as
long-run effects, whereas the time-varying variables, which capture the "within
variation," can be viewed as short-run effects. Due to our concerns that the
effects of unobserved heterogeneity may be correlated with the covariates, our
interpretation and presentation of the findings will focus on the time-varying
effects, similar toJaraite—Kazukauske and Kazukauskas (2015) andAbrell
et al. (2022).
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where X; is the mean of the x; over time for company i, ¢ is a vector of
parameters, and y; ~ N (0, aﬁ) . We used the Stata procedure xtpoisson to

estimate the Poisson models via maximum likelihood methods, with
standard errors clustered at the company level.

4. Results and discussion

In this section, we present and discuss the findings obtained from our
preferred model followed by the findings obtained from a set of
robustness checks. Our analysis is based on a final sample of 9.318
companies. Table 2 and Fig. 1 show the outcomes for both indicators of
companies’ search efforts, i.e. trading partners and transaction frequency.
We report the robust standard errors in parentheses below the parameter
estimates. The results for the Mundlak terms indicate that using a
random-effects estimator would result in biased and inconsistent
parameter estimates for both models. Because the findings are quite
similar for trading partners and transaction frequency, we combine the
discussion for the covariates for both indicators of companies’ search
efforts to save space.

To facilitate the interpretation, Table 2 and Fig. 1 show the results in
terms of incidence rates. The incidence rate represents the factor by
which the outcome variable changes in response to a one unit change in
the covariate. Hence, a coefficient smaller than one indicates a negative
relation, and a coefficient greater than one means a positive relation,
ceteris paribus.

4.1. Preferred model

4.1.1. Net position value

Our analysis suggests a positive relation between search efforts,
proxied by trading partners and transaction frequency, and auctioning,
proxied by net position value. The results for the point estimate indicate
that a company with a 1 million euros higher net position value in ab-
solute terms (e.g. due to a change in free allocation, ceteris paribus) has
on average 5.4 percent (1.054-1 = 0.054) more trading partners per year
and on average a 19.4 percent (1.194-1 = 0.194) higher transaction
frequency, ceteris paribus. That is, companies with a higher net position
value (in absolute terms) engage in more search efforts in the secondary
market, ceteris paribus. Considering the average number of 2.86 trading
partners and the average number of 4.96 trades per company and year
(Table A.41 in A.4), these figures translate into an increase in the mean
number of trading partners by 0.15 and in the mean number of trades by
0.96. Thus, the findings for net position value are in line with the pre-
dictions derived from our analytical model, the effect sizes, however,
appear to be rather small. Qualitatively, our results for net position value
are also consistent with the findings by Zaklan (2013),
Jaraite-Kazukauske and Kazukauskas (2015), Cludius (2018), Abrell
et al. (2022), and Lehmann et al. (2024) in related contexts, albeit these
studies used net position, i.e. physical values in tons of greenhouse gas
emissions, rather than the net position value, i.e. monetary values.

4.1.2. Banking stock value

In contrast to our expectation, we found a positive correlation be-
tween banking stock value,.; and both indicators of companies’ search
efforts. However, the coefficients are small and close to 1 (implying
small effect sizes) and only statistically significant at p < 0.1 in the
trading partners model.

4.1.3. Number of installations

Table 2 suggests that the number of installations is positively and
statistically significantly related with trading partners and transaction
frequency, ceteris paribus. These results are in line with the existing
literature who found that larger companies trade more intensively (e.g.
Jaraité-Kazukauské and Kazukauskas, 2015; Baudry et al., 2021; Abrell
etal., 2022) or are more financially successful (Lehmann et al., 2024) on
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Fig. 1. Estimation results for preferred model (90 % confidence intervals).'®.!

the secondary market than smaller companies. As argued by
Jaraité-Kazukauské and Kazukauskas (2015) and Abrell et al. (2022),
these results suggest that search costs may be lower for larger companies
or that companies with more regulated installations have a larger
network of potential trading partners due to their different sites, which
could lead to lower search costs.

4.1.4. Carbon leakage

The results for companies at risk of carbon leakage suggest a positive
relation with trading partners and transaction frequency, but the associ-
ated coefficients are not statistically significant at conventional levels.

4.1.5. Periods, regions, and EU ETS activities

The coefficients of the period dummies are positive and significant for
both models, with the factor for the second trading period being higher
than the factor for the third trading period”’. These results are in line
with the findings of Abrell et al. (2022), who also find stronger
engagement of companies in emissions trading for the second and third
trading period than for the first period.

Our results for the region dummies indicate that search efforts differ
at least to some extent between regions. However, similar to Abrell et al.
(2022), for example, our results do not indicate any clear patterns. Ex-
ceptions are companies from the regions Southern Europe (Region 3) and
New Member States (Region 8). For these regions, the results suggest
lower company activity on the secondary market than for the
German-speaking base region. Finally, for the activity-related dummies,
we found mixed results, with a trend towards negative relations with our
indicators of companies’ search efforts (except for the coefficients
associated with chemicals activities, which are statistically significant
and positive in both models). This indicates that companies from most
industrial activities tend to use the secondary market less intensively
than companies from the base activity, i.e. the combustion activity.

17 Results for net position value and banking stock value in million euros.

8 We removed 43 companies because they reported implausible figures on
the number of trading partners and on transaction frequency.

20 Supported by Wald tests.

These results thus support the findings by Jaraite-Kazukauske and
Kazukauskas (2015) and Abrell et al. (2022), who conclude that the
energy sector is more likely to participate in the EU ETS, ceteris paribus.

4.2. Robustness checks

To examine the robustness of our results shown in Table 2, we esti-
mated several additional models.

First, we estimated a negative binomial model instead of a Poisson
model. In contrast to the Poisson model, the negative binomial model
does not rely on the assumption that the conditional mean is equal to the
conditional variance. The results of this model appear in Table A.51 in
Annex A.5. For most covariates the results are very similar in terms of
size effects and significant levels as those shown for the Poisson model in
Table 2. We further note that the p-values associated with the parameter
estimates are typically lower for the negative binomial models than for
the Poisson models.

Second, instead of using the stock of banked allowances to capture
the effects of banking on companies’ search efforts, we followed the
approach of Lehmann et al. (2024) and considered the flow of banked
allowances which we calculated as the net position plus acquisitions
minus sales in a specific year. To get a monetary value, banking position
value, we multiplied the flow of banked allowances by the average EUA
price of that year.”! Using the banking position value rather than the
banking stock value may be preferable because the effects of potential
data errors in the EUTL would affect all subsequent years when using the
banking stock value. Such errors in the EUTL may occur in cases of ac-
count changes and changes in installation ownership if the transfer of
banked allowances to new accounts has not been correctly recorded.
When using instead the banking position value data errors pertaining to
one year should not spill-over into subsequent years. We present the
results for this robustness check in Table A.52. The results of this models
in terms of magnitudes and significance levels of the estimated co-
efficients are very similar to those presented for our preferred model in

21 We note that unlike the banking stock value, banking position value may be
negative if a company surrenders banked allowances.
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Table 2.

To control for a possible omitted variable bias, we also estimated our
models with additional company-specific information available from the
ORBIS company database. To this end, we included a dummy for com-
panies belonging to the energy sector based on NACE codes, similar to
Abrell et al. (2022) and Lehmann et al. (2024), for example. In turn, the
activity dummies no longer appear in this specification. In addition, we
included the number of employees from the ORBIS data base as a proxy for
company size. Because NACE codes and number of employees is only
available for a subset of the original data base, the number of observa-
tions dropped from 68,606 to 40,746. We document the results for this
specification in Table A.53. They are generally very similar to those
reported in Table 2 for our preferred models. In contrast to our preferred
model though, the coefficient associated with banking stock value in the
model for trading partners is no longer statistically significant at con-
ventional levels of significance. The new variables energy and number of
employees show a small positive relation with trading partners and trading
frequency, but only the relation between number of employees and trading
partners is statistically significant at conventional levels.

We further examined whether the effects of auction mechanisms
differ by company characteristics such as sector affiliation, size, and
productivity. To this end, we included interaction terms between net
position value and dummy variables indicating whether a company (i)
operates combustion or industrial installations based on EUTL activity
codes, (ii) has more employees than the median company in the sample,
(iii) operates more installations than the median company, and (iv) is
more productive than the median company.?? Hence, we estimated eight
additional models. Only the interaction between net position value and
combustion in the transaction frequency model is positive and statisti-
cally significant. The interaction between net position value and the
dummy representing companies in the upper half of the median split
based on the number of installations is negative and statistically sig-
nificant in both the trading partner and transaction frequency models.
These findings suggest that companies in the combustion sector and
companies operating fewer installations respond slightly more strongly
to changes in their net position value. However, the associated effect sizes
are rather small. The findings for the remaining covariates are consistent
with those shown in Table 2.%3

In sum, the findings of these robustness checks suggest that the re-
sults of our preferred model are robust to the alternative specifications
considered.

5. Conclusions

In this paper we analyse if a change in the allocation rules in the EU
ETS towards a higher share of auctioning affected regulated companies’
search efforts on the secondary market for more favourable trading
options. Based on an analytical model which is inspired by Stigler
(1961), we expected companies to increase search efforts if the change
in allocation rules leads to a greater shortage of EUAs (for net buyers) or
to a greater surplus of EUAs (for net sellers). Our results from estimating
panel econometric models on a comprehensive data set generally sup-
port these predictions for two indicators of search efforts on the sec-
ondary market, i.e. the number of trading partners, and transaction
frequency. Thus, our results suggest that increasing auctioning in the EU
ETS increases companies’ search efforts for favourable trading options.
While this may result in EUA prices more adequately signalling scarcity
in the market, additional search efforts will also increase transaction

19 For presentation purposes, region dummies, Mundlak terms, and the con-
stant have been omitted from the figure.

22 We calculate productivity as the ratio between total revenues and the
number of employees.

23 To save space, we did not include the results of these additional models in
the paper. They are available from the corresponding author upon request.
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costs for companies. Whereas a higher share of auctioning essentially
reflects a transfer of funds from companies to public treasuries, search
costs directly affect economic efficiency. An increase in the auction
share is economically efficient if the associated benefits exceed costs.
The benefits include smaller market distortions, lower lobbying efforts
(e.g. Hepburn et al., 2006), and transaction costs saved because there are
fewer secondary market transactions required to achieve an efficient
outcome. The costs include additional search costs. Whereas a
cost-benefit analysis is beyond the scope of this study, our results pro-
vide some evidence that the effect of an increase in auctioning on search
costs are likely to be small. For example, an increase in EUA acquisition
costs by one million euros is estimated to result, on average, in 0.15
additional trading partners and 0.96 additional trades per company per
year.

These findings are based on data from the period 2005 to 2017. We
cannot exclude the possibility that extending the observation period
may alter some results. In general, though, we expect that incorporating
additional data would strengthen the robustness of our findings due to
increased statistical power. In particular, we are confident that our key
finding - the positive relationship between net position values and
proxies for search activity in the secondary market - would also hold
with more recent data. Notably, since 2017, EUA prices have risen
substantially, thereby increasing the financial incentives for companies
to search for more advantageous trading opportunities.

The insights gained from this study are particularly relevant for the
design of emerging emissions trading systems, such as those being
developed in China, Tiirkiye, Vietnam, and Colombia. They suggest that
transaction costs related to finding advantageous trading opportunities
are likely to remain low in a system with a high share of auctioning.
Therefore, implementing a significant level of auctioning from the outset
may contribute to more efficient outcomes. These findings are also
relevant for EU policy making, notably in the context of phasing out free
allocation in the context of recent regulation on the CBAM.

Policy makers should also consider that auctions must be carefully
designed to achieve the intended positive effects, as highlighted by
recent studies on China’s ETS (e.g., Tang et al., 2017; Wang et al., 2022;
Yu et al., 2024). Additionally, research on China’s ETS has found that
auctioning can hinder investments in green technologies (e.g., Yang
et al., 2023), lead to less cost-efficient market outcomes compared to
other allocation methods (e.g., Peng et al., 2022), and distort allowance
prices (e.g., Ji et al., 2021).

The impact of increased auctioning on companies’ efforts to seek
advantageous trading opportunities, as examined in this study, is just
one of many factors that should be considered when determining the
appropriate share of auctioning in emissions trading systems.
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A.1 Policy Background: The EU Emissions Trading System and the Role of Auctions

The EU ETS is the EU’s primary instrument for achieving cost-effective reductions in greenhouse gas emissions and a central pillar of the European
Green Deal (European Commission, 2019), covering about 40% of total EU emissions. Since its launch in 2005, the ETS has evolved through successive
trading phases to become a more robust, market-driven mechanism. The EU ETS applies to major emitting sectors such as power and heat generation,
energy-intensive industries, and aviation within the European Economic Area (EEA).

The EU ETS is based on a “cap-and-trade” principle: a declining annual cap sets the maximum volume of emissions allowed, and regulated entities
must surrender one allowance per tonne of COz-equivalent emitted. These allowances can be traded between regulated entities and other market
participants like financial intermediaries, providing flexibility that leads to cost efficiency, as emissions are reduced where it is most cost-effective.

Starting with Period 3 (2013-2020), auctions have become economically relevant. More than half of all allowances are auctioned since then. By
default, electricity generators no longer receive allowances for free, while companies in energy-intensive industries receive a diminishing share of
allowances for free, based on performance benchmarks and exposure to carbon leakage.

Auctions are held on common EU platforms (e.g., EEX) and generate significant revenue, a portion of which is mandated for climate-related in-
vestments. Auctions allocate allowances transparently and efficiently, and provide a clear price signal to guide low-carbon investment decisions.

To address past issues of surplus allowances and ensure price stability within the EU ETS, the Market Stability Reserve (MSR) was introduced in
2019. The MSR adjusts the supply of allowances auctioned based on the total number of allowances in the market. When this number exceeds a certain
threshold, a portion of allowances is withheld from auctions and placed into the MSR. If the market becomes too tight, allowances can be released. The
MSR has proven effective in strengthening the carbon price signal and enhancing the resilience of the ETS.

As part of the European Green Deal, the Fit-for-55 package (European Commission, 2021) introduced far-reaching reforms to align the ETS with the
EU’s 2030 climate target of reducing GHG emissions by at least 55% compared to 1990 levels. These reforms include a significant tightening of the cap,
a strengthening of the MSR, and an extension of the scope of the ETS. Notably, maritime transport has been included in the ETS from 2024 onwards,
covering emissions from large vessels on intra-EU voyages and a share of extra-EU routes.

In parallel, the Carbon Border Adjustment Mechanism (CBAM) will gradually replace free allocation in specific sectors. The CBAM involves a
carbon price on imports, mirroring the EU ETS carbon cost. This underscores the importance of auctioning as the primary allocation mechanism
moving forward.

A.2 Step-by-Step Derivation of the First-Order Condition (FOC) and Comparative Statics for the Conceptual Model developed in Section 2

This annex explains the steps involved in deriving the FOC for the company’s optimization problem (equation (1)) and the comparative static result
that links search effort x; to the allocation of free allowances E.

A.2.1 Objective Function

A company chooses search effort x; (and implicitly the abatement effort x, = X — x;) to minimize total compliance costs:

Min p7(x;)-e(xa) — E| + TC(x;) + Cle(xa))
A2.2 Substitution of variables
Because total effort is fixed: ¥ = x; + x, = x, = X — x;s.Hence, x, can be expressed in terms of x;.
A2.3 FOC
Differentiate the objective function with respect to x; using the product and the chain rule:
Term 1: p-y(x;)-[e(X — x;) — E|

Applying the product and the chain rule, yields:

D7 (%) [e(xa) —E] =P - y(x;)-€ (xq), with x; =X — X;.
Term 2: Differentiating the second term with respect to x; yields: TC'(x;)
Term 3 Differentiating the second term with respect to x;, applying the chain rule, yields: C (e(x,))-€ (x4)-

Summing all terms yields the FOC, i.e. equation (2):

D7 (%:)-[e(xa) — E] = Poy(x:)-€ (xa) + TC (%) — C(e(xa))-€ (xa) = O
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A2.4 Extended interpretation of FOC

The FOC sets marginal benefit of search effort equal to the marginal costs. Suppose a company is a net buyer of EUAs, i.e., e(x;) — E > 0. The net
benefits (first term) then reflect the decrease in costs of purchasing EUAs in response to an additional unit of search effort leading to a decrease in the
purchase price of EUA. The three remaining terms reflect the marginal costs associated with a one unit increase in search effort. The second term
reflects the additional costs of acquiring EUA because the increase in search effort implies a decrease in abatement effort and hence an increase in
emissions. The third term reflects the increase in transaction costs resulting from an increase in search effort, and the third term to the change in
abatement costs due to a decrease in abatement effort.

A.2.5 Comparative Statics: How does x; change when E changes?

To assess this, totally differentiate the FOC with respect to E and x;. Collecting terms, this yields
{ﬁ‘}’”(xS) [e(xa) —E] =P -7 (xs)-€ (xa) + TC"(x5) + C"(e(xa)) - [e,(xa)]z +C (e(xa)) 'e”(xa)}dxs =p7 (x;)dE

The expression in {} corresponds to the second order condition and must be positive for a minimization problem. Denoting this expression as D,
yields equation (3)
dx; _ D7 (xs)

dE D

A.3 Compilation of the data®*
A.3.1 Data sources and preparation

The European Commission operates the electronic Database Union Registry. The database contains all transactions within the EU ETS, including
free allocation, surrendered allowances and all transactions between market participants. The European Union Transaction Log (EUTL) records,
checks and authorises these transactions. The Commission publishes all transactions and other details from the Union Registry under the EUTL. Data
can be downloaded free of charge, but with a three-year delay in the case of transaction data.

The EUTL records all transactions made between registered accounts, although it is important to note that only registered accounts can trade
allowances. Each regulated stationary installation must open at least one Operator Holding Account (OHA) and each airline must open at least one
Aircraft Operator Account (AOA), through which the free allocation and surrender of allowances is transacted. In addition, companies, but also private
individuals, can open Person Holding Accounts (PHA) and Trading Accounts (TA) in order to use them for trading. In addition, there are administrative
accounts that are operated by the EU or the Member States and used, among other things, for free allocation, auctioning or the cancellation of
allowances.

EUTL contains information about the account name, the registration (Member State), the company registration number as well as the assigned
account holder and the assigned installation. The name and address of account holders are available. With regard to installations, the activity type,
address, allocation, emissions, and the number of surrendered allowances are available.

The EUTL transaction information includes the accounts involved, the transaction type, the date and the quantity of allowances. Futures and
forwards are recorded but not clearly identifiable and only on the actual delivery date and not when the contract was concluded. Prices are not shown
by the EUTL.

With the 2012 reform, the Community Independent Transaction Log (CITL), which was a decentralised system until then, was migrated to the
central EUTL operated by the Com-mission. During this process, all installations were given new OHAs (see A.3.2).

In addition to the EU ETS related EUTL data, we used company data from the ORBIS database of Bureau Van Dijk in one of our robustness checks.
These include financial data on the number of employees, revenues, industry classification (NACE), the company registration number and the home
country of a company. For information on matching the two data sets, see A.3.3.

As prices, we use the unweighted average spot price from the EEX and match this to the EUTL data for the respective year.

After we had matched all the databases, we set up a panel data set which is based on trans-actions. We aggregated this data such that the final data
set included annual transactions per company. We removed all non-regulated companies (allocation and emissions is zero), because they are irrelevant
to our research question.

In our underlying dataset, we have 42,007 accounts, of which we could not match 8,142 to any company. The matched accounts are across 12,319
companies. However, the number of companies included in the multivariate analyses is lower because we eliminated all aircraft operators and all
companies that have neither free allocation nor verified emissions, reducing the number of companies to about 9,352.

We tried to include the stock of banked allowances per company, but found inconsistencies when adding them up. For example, during the
restructuring in 2012, allowances were not always transferred in an appropriate and comprehensible way.

A.3.2 Matching of the new and former OHAs
With the redesign of the European Union Transaction Log (EUTL) in 2012, new account types such as aircraft operating accounts were introduced.
This also meant that all installations had to be linked to a new Operator Holding Account (OHA). However, the current data records of the EUTL only

feature the current OHA and not the OHA from before the restructuring. We therefore had to match the previous OHAs with the respective in-
stallations. We handled this as follows.

24 A.3 partially relies on Lehmann et al. (2024), with some sections quoted verbatim
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(1) Compare account name and installation name and match if unambiguous.

(2) Compare account address and installation address and match if unambiguous.

(3) If 1 and 2 did not work, we used installation-level information on allocation and surrendered number of allowances and searched for the
transaction and account behind it and the administrative account of the respective registration. Again, we only accepted unique matches. We
first used allocations followed by surrendering transfers.

Using this methodology, we were able to match about 99% of the old OHAs to the new OHAs.
A.3.3 Matching the EUTL data with companies from the ORBIS database

With the reform of accounts in 2012, all account holders were required to provide VAT registration numbers. This is either a national or a European
number. The ORBIS database also contains the VAT number. Therefore, in theory, matching the two databases is possible without any major problems.
However, data errors and format errors make matching difficult in practice. We therefore employed fuzzy matching based on VAT registration
number, the name of the account linked to this number and the address of the account contact. The automatic ORBIS batch search uses these variables.
Here, the account data served as criteria for the ORBIS data search. The batch search performed then provides several possible matches and a matching
score for each option. The ultimate match was then done by checking the quality of the match in the individual fields.

A.4 Descriptive statistics

Table A.41
Descriptive statistics of final sample.

Variable Obs. Mean Std. dev. Min Max
Dependent variables

Trading partners 68,606 2.861 2.342 0 31
Transaction frequency 68,606 4.960 24.661 0 1832
Covariates

Net position value 68,606 0.290 0.691 0 10.350
Banking stock value.; 68,606 0.561 4,953 0 369.471
Number of installations 68,606 2.805 3.224 1 74
Carbon leakage 68,606 0.345 0.475 0 1
Period 1 68,606 0.217 0.412 0 1
Period 2 68,606 0.388 0.487 0 1
Period 3 68,606 0.395 0.489 0 1
Region 1 68,606 0.070 0.255 0 1
Region 2 68,606 0.047 0.212 0 1
Region 3 68,606 0.131 0.337 0 1
Region 4 68,606 0.123 0.329 0 1
Region 5 68,606 0.050 0.218 0 1
Region 6 68,606 0.386 0.487 0 1
Region 7 68,606 0.035 0.185 0 1
Region 8 68,606 0.105 0.306 0 1
Combustion 68,606 0.637 0.481 0 1
Refining 68,606 0.012 0.109 0 1
Steel 68,606 0.033 0.179 0 1
Non-ferrous metals 68,606 0.007 0.081 0 1
Lime and cement 68,606 0.042 0.201 0 1
Glass 68,606 0.031 0.174 0 1
Ceramics 68,606 0.106 0.307 0 1
Mineral wool 68,606 0.002 0.047 0 1
Gypsum and plasterboard 68,606 0.001 0.036 0 1
Pulp and paper 68,606 0.061 0.239 0 1
Chemicals 68,606 0.018 0.133 0 1
Other 68,606 0.017 0.129 0 1

A.5 Robustness checks

Table A.51: Estimation results for negative binomial model.

Trading partners Transaction frequency
Net position value 1.05 1.210*
(0.004) (0.007)
Banking stock value.; 1.002%** 1.000
(0,000) (0.001)
Number of installations 1.059%** 1.050%**
(0.001) (0.002)
Carbon leakage 1.011 1.055%**

(continued on next page)
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(continued)
Trading partners Transaction frequency
(0.009) (0.014)
Period 2 1.614%** 1.827%**
(0.012) (0.025)
Period 3 1.618%** 1.777%**
(0.013) (0.025)
Region 2 (BE, FR, NL) 0.902%** 0.810%**
(0.021) (0.029)
Region 3 (GR, IT, PT, ES, CY, MT) 0.824%** 0.955*
(0.014) (0.025)
Region 4 (EE, LT, LV, PL) 1.041+** 1.044*
(0.018) (0.027)
Region 5 (CZ, HU, SI, SK) 1.007 1.019
(0.022) (0.034)
Region 6 (DK, FI, IS, NO, SE) 1.096%** 0.971
(0.016) (0.021)
Region 7 (UK, IE) 1.138%*= 1.171%**
(0.033) (0.05)
Region 8 (BG, HR, RO) 0.944%** 0.888***
(0.017) (0.024)
Refining 0.998 0.823%**
(0.040) (0.046)
Steel 0.986 0.964
(0.023) (0.036)
Non-ferrous metals 1.117** 1.231%**
(0.054) (0.096)
Lime and cement 1.005 0.966
(0.022) (0.031)
Glass 0.959 0.879%**
(0.025) (0.034)
Ceramics 1.023 0.995
(0.015) (0.022)
Mineral wool 0.947 0.791
(0.086) (0.117)
Gypsum and plasterboard 1.015 0.801
(0.106) (0.148)
Pulp and paper 0.934%** 1.020
(0.017) (0.029)
Chemicals 1.098*** 1.249%**
(0.033) (0.058)
Other 0.913%** 0.980
(0.035) (0.055)
Mean net position value 1.101%** 1.089%**
(0.010) (0.015)
Mean banking stock value 0.999 0.998*
(0.001) (0.001)
Constant 27.424%** 0.309%**
(2.532) (0.007)
Number of observations 68,606 68,606
Number of companies 9318 9318

Table A.52: Estimation results for alternative banking specification.

Trading partners Transaction frequency
Net position value 1.054%** 1.197%**
(0.006) (0.021)
Banking position value. 1.002* 1.005*
(0.003)
Number of installations 1.108%**
(0.003) (0.007)
Carbon leakage 1.011 1.019
(0.009) (0.042)
Period 2 1.624%** 3.459%**
(0.014) (0.135)
Period 3 1.605%** 1.766%**
(0.020) (0.082)
Region 2 (BE, FR, NL) 0.897** 0.847
(0.025) (0.152)
Region 3 (GR, IT, PT, ES, CY, MT) 0.826%** 0.748%**
(0.018) (0.067)
Region 4 (EE, LT, LV, PL) 1.029 0.832%**
(0.018) (0.075)
Region 5 (CZ, HU, SI, SK) 0.999 0.984
(0.022) (0.138)

(continued on next page)
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(continued)
Trading partners Transaction frequency
Region 6 (DK, FI, IS, NO, SE) 1.085%** 0.858*
(0.017) (0.073)
Region 7 (UK, IE) 1.135%** 1.137
(0.034) (0.168)
Region 8 (BG, HR, RO) 0.944%%* 0.825*
(0.020) (0.084)
Refining 0.997 0.999
(0.047) (0.129)
Steel 0.983 0.841%*
(0.023) (0.063)
Non-ferrous metals 1.121%* 1.406
(0.053) (0.347)
Lime and cement 1.002 1.051
(0.020) (0.168)
Glass 0.962 0.78**
(0.027) (0.091)
Ceramics 1.024* 1.065
(0.014) (0.097)
Mineral wool 0.941 0.766
(0.073) (0.231)
Gypsum and plasterboard 1.005 1.078
(0.062) (0.385)
Pulp and paper 0.931%** 0.739%**
Chemicals
(0.033) (0.105
Other 0.910** 0.694**
(0.038) (0.099)
Mean net position value 1.09¢ 1.493%***
(0.013) (0.063)
Mean banking position value 1.004 1.123%**
(0.004) (0.003)
Constant 1.498%** 1.227%*
(0.028) (0.101)
Number of observations 68,606 68,606
Number of companies 9318 9318

Table A.53: Estimation results for restricted sample leveraging data from the ORBIS database.

Trading partners Transaction frequency
Net position value 1.045%** 1.228%**
(0.007) (0.021)
Banking stock value_; 1.002 1.000
(0.002) (0.002)
Number of installations 1.059%** 1.098%**
(0.003) (0.009)
Energy 1.003 1.120
(0.014) (0.097)
Employees 1.000%** 1.000
(0.000) (0.000)
Carbon leakage 1.010 1.043
(0.012) (0.057)
Period 2 1.679%*** 3.182%**
(0.020) (0.160)
Period 3 1.631%** 1.765%**
(0.025) (0.097)
Region 2 (BE, FR, NL) 0.847%** 0.793
(0.028) (0.122)
Region 3 (GR, IT, PT, ES, CY, MT) 0.795%** 0.799**
(0.020) (0.087)
Region 4 (EE, LT, LV, PL) 1.021 0.811**
(0.020) (0.078)
Region 5 (CZ, HU, SI, SK) 0.993 1.015
(0.024) (0.170)
Region 6 (DK, FI, IS, NO, SE) 1.076%** 0.892
(0.019) (0.087)
Region 7 (UK, IE) 1.041 0.849
(0.035) (0.103)
Region 8 (BG, HR, RO) 0.950* 0.994
(0.025) (0.119)
Mean net position value 1.109%** 1.512%**
(0.015) (0.064)
Mean banking stock value 1.001 1.057%***

(continued on next page)
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(continued)
Trading partners Transaction frequency
(0.006) (0.015)
Constant 1.497*** 1.263**
(0.032) (0.128)
Number of observations 40,746 40,746
Number of companies 7295 7295

Data availability
The authors do not have permission to share data.
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